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ABSTRACT
We present UES@WHT high-resolution spectra of the low-mass X-ray binary (LMXB)
Cygnus X-2. We have derived the stellar parameters of the secondary star using χ2
minimisation procedure, and taking into account any possible veiling from the ac-
cretion disk. We determine a metallicity higher than solar ([Fe/H]= 0.27 ± 0.19), as
seen also in the neutron star X-ray binary Centaurus X-4. The high-quality of the sec-
ondary’s spectrum allow us to determine the chemical abundances of O, Mg, Si, Ca, S,
Ti, Fe and Ni. We found that some α-elements (Mg, Si, S, Ti) are enhanced, consistent
with a scenario of contamination of the secondary star during the supernova event.
Surprisingly oxygen appears to be under-abundant, whereas enhanced abundances of
Fe and Ni are measured. Assuming that these abundances come from matter that
has been processed in the SN and then captured by the secondary star, we explore
different SN explosion scenarios with diverse geometries. A non-spherically symmetric
SN explosion, with a low mass cut, seems to reproduce better the observed abundance
pattern of the secondary star compared to the spherical case.
Key words: stars: abundances, low-mass, neutron - X-rays: binaries, stars: individ-
ual: Cygnus X-2 (V1341 Cygni)
1 INTRODUCTION
Cygnus X-2 (V1341 Cygni) is one of the few low-mass X-
ray binaries (LMXB) in which the spectrum of the non-
degenerate star is visible, contributing about 50% of the
total flux. Cygnus X-2, with a mass function of f(M) =
0.66 ± 0.03 (Casares et al. 1998, 2010), is also one of the
brightest and most massive systems known to date, with
a neutron star of MNS = 1.71 ± 0.21M. A mass ratio of
q = M2/MNS = 0.34 ± 0.02 was determined from the mea-
surement of the rotational velocity of the secondary star,
v sin i = 34.6± 0.1 km s−1 (Casares et al. 2010).
The chemical abundances of secondary stars in black
hole and neutron star X-ray binaries have been studied
for several systems: Nova Scorpii 1994 (Israelian et al.
1999; Gonza´lez Herna´ndez et al. 2008a), A0620-00 (Gonza´lez
Herna´ndez et al. 2004), Centaurus X-4 (Gonza´lez Herna´ndez
et al. 2005a; Casares et al. 2007), XTE J1118+480 (Gonza´lez
Herna´ndez et al. 2006, 2008b), V404 Cygni (Gonza´lez
? E-mail: lsuarez@iac.es
Herna´ndez et al. 2011), and V4641 Sagittarii (Orosz et al.
2001; Sadakane et al. 2006). The metallicities of these binary
systems are all similar or higher than solar regardless of their
location with respect to the Galactic plane. In addition, the
above authors have taken into account different scenarios
of pollution from supernova (SN) and more energetic hy-
pernova (HN) ejecta on the photospheric abundances of the
secondary star.
Our reference for this work is Centaurus X-4, a neutron
star X-ray binary like Cygnus X-2. Gonza´lez Herna´ndez et
al. (2005a) found in the secondary star of Centaurus X-4
a supersolar metallicity ([Fe/H]∼ 0.23 ± 0.10), as well as
supersolar abundances of other important elements, like Ca,
Ti or Al. These supersolar abundances may indicate that the
mass-cut, i.e. the initial mass of the compact object right
after the SN/HN explosion, is lower than in the case of black
hole X-ray binaries (BHXBs).
In this paper, we use high-resolution spectra to de-
rive the stellar parameters and chemical abundances of the
secondary star in the neutron star X-ray binary (NSXB)
Cygnus X-2 with the aim of obtaining information about its
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formation and evolution, the properties of the progenitor of
the compact object and to investigate possible connection
to the previous studied case of Centaurus X-4 (Gonza´lez
Herna´ndez et al. 2005a).
2 OBSERVATIONS
2.1 Secondary spectrum
As reported in Casares et al. (2010), we obtained ten 1800-
3600s spectra with the Utrecht Echelle Spectrograph (UES)
attached to the 4.2-m William Herschel Telescope (WHT)
at the Observatorio del Roque de Los Muchachos on 1999
July 25-26, covering the spectral regions λλ5300 − 9000A˚
at a resolving power λ/∆λ ≈ 36, 000. All the images were
processed following standard debiasing and flat-fielding, and
the spectra subsequently extracted using conventional opti-
mal extraction techniques in order to optimise the signal-to-
noise ratio of the output. For more information about the
observations see Casares et al. (2010).
The individual spectra were corrected for their radial
velocity and combined in order to improve the signal-to-
noise ratio. After binning in wavelength in steps of 0.1 A˚,
the final spectrum had S/N ∼ 70 in the continuum.
3 CHEMICAL ANALYSIS
3.1 Stellar parameters
The chemical analysis of secondary stars in LMXB systems
is influenced by three important factors: veiling from the ac-
cretion disk, rotational broadening and S/N. To obtain the
stellar parameters of the secondary star, several moderately
strong and unblended absorption lines of FeI and FeII were
identified. We selected six absorption features containing rel-
atively strong Fe lines with different excitation potentials.
In order to compute synthetic spectra for these features, we
adopted the atomic line data from the Vienna Atomic Line
Database (VALD Piskunov et al. 1995) and used a grid of
local thermodynamic equilibrium (LTE) models of atmo-
spheres (Kurucz 1993). Synthetic spectra were then com-
puted using the LTE code MOOG 2013 (Sneden 1973). To
minimise the effects associated with the errors in the transi-
tion probabilities of atomic lines, we adjusted the oscillator
strengths, the log gf values of the selected lines, until we suc-
ceeded in reproducing the solar atlas (Kurucz et al. 1984)
with solar abundances (Grevesse et al. 1996).
We generated a grid of synthetic spectra for these fea-
tures in terms of five free parameters, three regarding the
star atmospheric model (effective temperature, Teff , surface
gravity, log g, and metallicity, [Fe/H]) and two more param-
eters to take into account any possible veiling (the effect
of the accretion disk emission in the stellar spectrum). The
veiling was defined as a linear function of wavelength and
thus described with two parameters, the veiling at 4500A˚,
f4500 = Fdisk/Fcont,star, and the slope, m0. These parame-
ters were modified according to the steps and ranges given
in Table 1. A rotational broadening of 34.6 km s−1 and a
limb darkening of  = 0.5 were assumed based on Casares et
al. (2010). A fixed value of ξ = 2 km s−1 for microturbulence
was adopted.
Table 1. Ranges and steps used to obtain stellar parameters.
Parameter Range Step
Teff 5500− 7500 K 100 K
log g 1.5− 4.0 0.1
[Fe/H] 0.0− 1.0 0.1
f4500 0.0− 2.0 0.1
m0 0.00000− 0.00042 0.00004
These parameters were modified according to the steps
and ranges given in Table 1. A rotational broadening of 34.6
km s−1 and a limb darkening of  = 0.5 were assumed based
on Casares et al. (2010). A fixed value of ξ = 2 km s−1 for
microturbulence was adopted.
The observed spectrum was compared with the 750,000
synthetic spectra in the grid via a χ2 minimisation proce-
dure that provided the best model fit. Using a bootstrap
Monte Carlo method, we define the 1σ confidence regions
for the five parameters. Confidence regions were determined
using 1000 realisations. The histograms for the results are
shown in Fig. 1, where we can see, in particular, a big un-
certainty on the value of log g, that affects the rest of our
values. Given this uncertainty on log g, we decided then to
fix this parameter, leaving only four free parameters (Teff ,
[Fe/H], veiling and the slope m0) and re-calculate our χ
2
minimisation procedure for fixed values of log g, from 1.5
to 4.0. We adopt the log g value that provided us with the
lowest uncertainty, i.e. the narrow distributions of values,
for the other four free parameters, log g = 2.8 dex (see
Fig. 2). Thus, the most likely values are: Teff = 6900±200K,
log g = 2.80±0.20, [Fe/H]= 0.35±0.10, f4500 = 1.55±0.15,
and mo = −0.00027 ± 0.00004. We decided to adopt an
uncertainty on log g of 0.20 dex based on the shape and
width of the histograms of the four free parameters at differ-
ent log g values. These parameters agree with the spectral
type and luminosity class of the secondary star reported
in the literature (see e.g. Casares et al. 2010). We note
the high veiling1 of the accretion disk (Fdisk/Ftotal ∼ 60%
at 5000 A˚), similar to that found in the NSXB Cen X-
4 (Gonza´lez Herna´ndez et al. 2005a). On the contrary,
BHXBs typically show lower disk veilings at less than ∼ 15%
at 5000 A˚ (Gonza´lez Herna´ndez et al. 2011), except for the
BHXB XTE J1118+480 which shows a disk veiling of ∼ 40%
at 5000 A˚ (Gonza´lez Herna´ndez et al. 2008b).
3.2 Stellar abundances
Using the derived stellar parameters, we analysed several
spectral regions for elements such as Al, Si, S, O, among
others. Each of these spectral regions were compared with
two templates: WASP-17, with Teff = 6650 ± 80 K, log g =
4.45 ± 0.15, and [Fe/H]= −0.19 ± 0.09, taken from Triaud
et al. (2010), and HR6189, with Teff = 6216 K, log g = 4.18,
[Fe/H]= −0.58, taken from Adibekyan et al. (2012), prop-
erly broadened with the same rotational broadening as the
1 Note that the veiling defined as Vλ = Fdisk/Ftotal relates with
fλ = Fdisk/Fcont,star as Vλ = fλ/(1 + fλ).
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Figure 1. Distribution obtained for each parameter using Monte Carlo simulations with five free parameters. The bottom-right panel
shows the distribution obtained for the veiling slope m0, given as −mo/10−3 in units of A˚. The labels at the top of each bin indicate
the number of simulations consistent with the bin value. The total number of simulations was 1000.
secondary star in our system. We determined the abun-
dances of those elements by comparing the observed spec-
trum with a grid of synthetic spectra through a χ2 minimisa-
tion procedure. We modified the element abundances, while
the stellar parameters and the veiling value were fixed (see
e.g. Gonza´lez Herna´ndez et al. 2011, for further details).
A preliminary estimation of Fe abundance was obtained
in the procedure described above. We then performed a more
detailed analysis of the abundance of Fe, now taking into ac-
count 9 additional Fe lines. We obtained Fe abundance of
[Fe/H]= 0.27± 0.19, where the error takes into account the
dispersion of the abundances inferred from these features.
This error also contains the uncertainty due to the contin-
uum noise. A new model atmosphere was generated with the
new Fe abundance in order to perform a detailed spectral
synthesis for all the elements under consideration.
Abundances for all the elements are listed in Table 2
and are referred to the solar values adopted from Grevesse
et al. (1996), except oxygen, taken from Ecuvillon et
al. (2006). Errors regarding uncertainties in metallicity,
∆met, continuum noise, ∆cont, effective temperature,
∆Teff , gravity, ∆log g, veiling, ∆veil, and microturbulence,
∆ξ, are listed as well as the error that comes from the
dispersion of the abundance measurements from several
lines, ∆σ = σ/
√
(N), with N equal to the number of
lines. All the individual uncertainties except for ∆σ were
determined in the same way as, for instance, in the Teff
case: ∆Teff = (
N∑
i=1
∆Teff,i)/N . The total uncertainty given
in Table 2 was derived using the following expression:
∆[X/H] = (∆2σ+∆
2
Teff
+∆2log g+∆
2
ξ+∆
2
met+∆
2
cont+∆
2
veil)
1/2
We stress that the major source for these errors is
the inaccuracy in the location of the continuum caused by
the S/N and the rotational broadening of the lines. How-
ever, we evaluate this source of uncertainty by changing the
continuum location by an amount equal to 1/(S/N) ∼ 0.14.
When the number of lines is high, ∆σ should contain
the uncertainty in the location of the continuum, ∆cont,
but due to the quality of the data, the stellar parameters
of the secondary star and its rotational broadening, we
typically find very few lines able to provide reliable element
abundances, except for Fe. Most of the lines used in the
abundance analysis are weakly blended with lines of other
elements (mostly Fe lines). However, the contribution of
these blends is typically not dominant.
In Figs. 3 − 8, we show the best fit model synthesis in
c© 2014 RAS, MNRAS 000, 1–14
4 L. Sua´rez-Andre´s, J.I. Gonza´lez Herna´ndez, G. Israelian, J. Casares and R. Rebolo
Figure 2. Distribution obtained for each parameter using Monte Carlo simulations with four free parameters. The bottom-right panel
shows the distribution obtained for the veiling slope m0, given as −mo/10−3 in units of A˚. The labels at the top of each bin indicate
the number of simulations consistent with the bin value. The total number of simulations was 1000.
comparison with the observed spectra. We also depict, for
comparison, the same spectral region of one of the templates,
properly broadened using the rotational profile of our star,
together with the best fit synthetic spectra which typically
show abundances close to solar values.
3.3 Lithium
Lithium abundance was derived from the resonance line
at 6708 A˚(see Fig. 8). In our spectra, this line is barely
detected, giving an upper-limit in the lithium abundance
of log (Li)NLTE < 1.48. The effective temperature of this
star implies that is near the limits of the lithium gap (be-
tween 6400-6800K Boesgaard & Tripicco 1986), so Li de-
pletion may have occurred due to diffusion. According to
models by Michaud (1986), that explain the Li gap in
the Hyades (Boesgaard & Tripicco 1986) (with an age of
∼ 600 Myr), the depth of the convective zone of stars in the
Teff range 6400-7000 K increases rapidly as Teff decreases.
The radiative acceleration is smaller at deeper layers of the
star, and this makes more efficient Li diffusion at 6500K than
at 7000K. The Teff determination of the secondary star in
Cygnus X-2 is 6900± 200 K, and therefore perfectly consis-
tent with the Li gap, providing an explanation for the low
Li abundance regardless any consideration or assumption on
the age of the system.
On the other hand, the NSXB Centaurus X-4, with a
K-type secondary star of Teff = 4500± 100 K, shows an un-
expectedly high lithium abundance of log(Li)LTE = 3.06,
that could be explained if the Cen X-4 system is younger
than the Pleiades cluster, whose age is ∼120 Myr (Gonza´lez
Herna´ndez et al. 2005a,b). Possible Li production mecha-
nism has been explored through the measurement of 6Li/7Li
isotopic ratio of the secondary star in Cen X-4, which mostly
supports Li preservation scenarios based on some mecha-
nisms which inhibit Li destruction due to the fast rota-
tion of the secondary star (Casares et al. 2007). The dif-
ferent spectral types of secondary stars in Cen X-4 and
Cyg X-2 makes it difficult to compare their Li abundance
and evolutionary scenario. The BHXB Nova Scorpii 1994
has a more similar secondary star, an F-type star with
Teff = 6100±200 K, although it has a relatively high lithium
abundance of log(Li)LTE = 2.16 (Gonza´lez Herna´ndez et
al. 2008a). However, this Li abundance is consistent with
that of main-sequence F-type disk stars with ages in the
range ∼ 1−3 Gyr and similar metallicity (e.g. Boesgaard &
Tripicco 1987).
c© 2014 RAS, MNRAS 000, 1–14
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Table 2. Chemical abundances and uncertainties due to the errors of ∆met = 0.05 dex, ∆Teff = 200 K, ∆logg = 0.20 dex, ∆ξ =
0.50 km s−1 and ∆vel = 0.15. The oxygen abundance has been corrected for NLTE effects, ∆NLTE = −0.3 dex based on the NLTE
corrections in Przybilla et al. (2000). Solar abundances were adopted from Grevesse et al. (1996) for all elements except oxygen, which
was taken from Ecuvillon et al. (2006). Li abundance is expressed as: log (Li)NLTE = log[N(Li)/N(H)]NLTE + 12.
Element [X/H] [X/Fe] σ ∆met ∆cont ∆σ ∆Teff ∆logg ∆ξ ∆vel ∆[X/H] ∆[X/Fe] n
Fe 0.27 ... 0.19 -0.06 0.17 0.05 0.05 0.04 0.00 0.08 0.19 ... 15
O 0.07 -0.20 0.00 0.05 0.30 0.00 0.10 0.10 0.00 0.10 0.35 0.20 1
Mg 0.87 0.60 0.00 0.01 0.10 0.00 0.08 0.01 0.01 0.20 0.24 0.16 1
Al 0.42 0.15 0.05 0.08 0.20 0.04 0.08 0.02 0.00 0.08 0.24 0.15 2
Si 0.52 0.25 0.05 0.00 0.19 0.03 0.06 0.00 0.00 0.08 0.22 0.07 3
S 0.52 0.25 0.08 0.01 0.20 0.05 0.05 0.03 -0.01 0.12 0.24 0.09 3
Ca 0.27 0.00 0.05 0.01 0.30 0.03 0.10 0.02 -0.01 0.10 0.33 0.16 4
Ti 0.59 0.32 0.04 0.01 0.28 0.03 0.05 0.08 0.00 0.10 0.31 0.14 2
Sc 0.42 0.15 0.00 0.01 0.20 0.00 0.05 0.07 -0.04 0.20 0.30 0.15 1
Ni 0.52 0.25 0.00 0.01 0.20 0.00 0.09 0.01 -0.01 0.15 0.27 0.10 1
Li < 1.48 < 1.21 - - - - - - - - - - 1
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Figure 3. Best synthetic fit to the UES spectrum of the sec-
ondary star in the NSXB Cygnus X-2 (bottom panel) and best fit
to our template, with and without rotational broadening (mid-
dle and top panels). Synthetic spectra is computed for best-fit
abundances (solid line) and for solar abundances (dashed line).
3.4 Oxygen
Oxygen abundance was derived from one component of the
OI near-infrared triplet, OI 7771 A˚ (see Fig. 7), which is
certainly well reproduced with the synthetic spectra. Other
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Figure 4. The same as Fig. 3 but for another spectral range.
components of the OI triplet could not be used because of
the limited signal-to-noise and possibly the inaccurate sky
subtraction. We note that the atomic data for O I lines were
adopted from Ecuvillon et al. (2006). These authors slightly
modified the oscillator strengths in order to obtain a solar
oxygen abundance in LTE of log (O) = 8.74. The best fit
in LTE of the OI 7771 A˚ line in the secondary star of Cygnus
X-2 gives an abundance of [O/H]LTE = 0.37 ± 0.35. This
value provides an abundance ratio [O/Fe]LTE = 0.10± 0.20,
c© 2014 RAS, MNRAS 000, 1–14
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Figure 5. The same as Fig. 3 but for another spectral range.
roughly consistent with the solar value. The uncertainty due
to continuum location, ∆cont = 0.30, is quite high. The O
I λ7771A˚ triplet suffers from appreciable non-LTE (NLTE)
effects (see e.g., Ecuvillon et al. 2006). For the stellar pa-
rameters and metallicity of the secondary star in Cygnus
X-2, the NLTE corrections2 are expected to be as strong
as ∆NLTE ∼ −1.0 dex according to their NLTE computa-
tions (see Fig. 1 in Ecuvillon et al. 2006). These authors do
not include inelastic collisions with hydrogen atoms which
tend to decrease the NLTE corrections. Takeda (2003) evalu-
ate the impact of these collisions on the strength of non-LTE
effects in the OI triplet. They model this aspect following the
prescription in Kiselman (1993), who make use of the gen-
eralisation in Steenbock & Holweger (1984) of the Drawin’s
formula to account for the inelastic collisions with hydro-
gen atoms (Drawin 1969). According to the NLTE compu-
tations in Takeda (2003), the expected NLTE corrections for
the stellar parameters and metallicity of the secondary star
in Cyg X-2 would be ∆NLTE ∼ −0.8 − −1.0 dex from
their Fig. 11, even including hydrogen collisions scaled by a
factor of 1/3 (i.e. h = −0.48 according to their definition).
This factor, SH = 1/3, is the preferred value used by Caffau
et al. (2008) to estimate the solar oxygen abundance from
2 ∆NLTE = log (X)NLTE − log (X)LTE
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Figure 6. The same as Fig. 3 but for another spectral region,
showing the three spectral features of sulphur.
the near-IR OI triplet, which provides NLTE corrections of
∆NLTE ∼ −0.22 dex for the solar OI lines. This value is very
similar to those derived in Kiselman (1993) for the Sun. We
have not found published values of NLTE corrections for
oxygen in late A-, early F-type stars, and the figures given
in Takeda (2003) and Ecuvillon et al. (2006) do not include
stars hotter than 6500 K.
We note that applying the ∆NLTE ∼ −1.0 dex to the
LTE oxygen abundance would lead to [O/H]NLTE ∼ −0.63,
which implies that oxygen is significantly depleted in this
star. Thus, this star would have an anomalously low abun-
dance ratio [O/Fe] ∼ −0.9 dex, and therefore not consistent
with the Galactic trend of oxygen as measured in F-, G-, and
K-type stars (see Fig. 9). Roby & Lambert (1990) found un-
dersolar abundances at about −0.20±0.15 dex in field stars
with Teff ∼ 6700−7000 K whereas Garcia Lopez et al. (1993)
analysed stars from the Hyades and Ursa Major clusters and
found O abundances slightly enhanced with respect to the
solar value by only about +0.05± 0.20 dex in the same Teff
regime. Garcia Lopez et al. (1993) computed NLTE correc-
tions of about −0.4 − −0.6 dex in this Teff range, depending
on oxygen abundance and Teff values, although the strengths
of their NLTE effects may be also related to the high solar
and stellar oxygen abundances these authors measured.
Przybilla et al. (2000) evaluate NLTE effects on oxy-
c© 2014 RAS, MNRAS 000, 1–14
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Figure 7. The same as Fig. 3 but for another spectral region
showing the near-IR OI triplet.
gen in BA-type stars with Teff in the range 7500–15000 K.
We extrapolate the NLTE values for oxygen triplet given
in their figure 5 to the stellar parameters of the secondary
star (Teff ∼ 6900 K and logg ∼ 2.8 dex), thus providing
∆NLTE ∼ −0.30 dex for oxygen in the secondary star. The
resulting oxygen abundance is [O/H]NLTE ∼ +0.07 and an
abundance ratio [O/Fe] ∼ −0.20 dex (see Table 2). The
adopted NLTE correction makes the oxygen abundance of
the secondary star roughly consistent with the lower edge
of Galactic trend of F-, G-, and K-type stars (see Fig. 9).
However, we would like to stress that the NLTE correction
may be larger and this value may be considered as an up-
per limit to the NLTE effects on the oxygen triplet in the
secondary star.
The low oxygen abundance in the secondary star may
be explained by diffusion (Michaud et al. 1987). These au-
thors modelled atomic diffusion in early A-type stars hot-
ter than our case; they claim that diffusion lead to nor-
mal CNO abundances, being downward diffusion velocity
of heavy elements smaller than that of He (e.g. 30 times
smaller for C than for He). Gonzalez et al. (1995) modelled
radiative accelerations of CNO atoms in A-, F-type stellar
envelopes, to explain CNO abundance anomalies. These au-
thors found that radiative accelerations of CNO atoms are
typically smaller than local gravity at the base of the convec-
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Figure 8. The same as Fig. 3 but for another spectral region
showing the LiI 6708A˚ feature.
tive zone for a large range of stellar abundances. However,
these models produced too depleted oxygen abundances by
1−2 dex with respect the abundance measurements in Gar-
cia Lopez et al. (1993), and may only offer and explanation
for C abundances in stars hotter than 7500 K. More re-
cently, Richard et al (2001) have performed computations
including radiative accelerations, atomic diffusion and sev-
eral levels of turbulence, from light elements as H, He and
Li, up to heavy elements as Ti, Fe and Ni. Their Fig. 9 shows
the stellar abundance predictions for 1.7 M star. O and S
appear severely depleted from -0.5 dex down to -3 dex, de-
pending of the level of turbulence, being more depleted as
the turbulence decreases. Similarly, Mg, Si and Ca follow
this behaviour although they stay within the range -0.3 and
-1.0 dex with respect to solar values. Al is not so dependent
on turbulence and it typically shows solar or slightly un-
dersolar abundances. Finally, Ti and Fe-peak elements tend
to show the opposite behaviour, revealing enhanced abun-
dances from solar up to +1.5 dex.
The abundance pattern of the secondary star does not
seem to be explained by any of these models, as the sec-
ondary star shows large enhancements in Mg, Si, S, and Ti
but moderate enhancement in Ni. Low O abundance and
high Ti abundance could be explained by these models, but
we think the ejection of nucleosynthetic products during SN
c© 2014 RAS, MNRAS 000, 1–14
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explosion that originated the neutron star could be the re-
sponsible for the abundance pattern of the secondary star
in Cygnus X-2 (see Section 4).
On the other hand, Podsiadlowski & Rappaport (2000)
have suggested an evolutionary scenario in which the initial
mass of the secondary star could be as high as 3.5 M. They
argue that after the SN explosion, the subsequent evolu-
tion is driven by strong mass loss. Thus, after the secondary
star recovers thermal equilibrium, its surface may be ex-
posed to material that has undergone partial CNO burning,
and its composition should show the signature of CNO pro-
cessing (enhanced nitrogen, decreased carbon and oxygen).
This may explain the low O abundance seen in this sys-
tem, but unfortunately we do not have clean available N
and C features to test this model. However, the O abun-
dance is not expected to decrease too much compared with
Carbon (Clayton 1983). Thus, the CNO-processed material
should mostly be C under-abundant and N over-abundant.
We note that a similar scenario has been proposed for the
BHXB XTE J1118+480 to try to explain the weak Carbon
emission lines coming from the accretion disk seen in UV
spectra (Haswell et al. 2002). Unfortunately, neither O nor
C or N, have been measured in the secondary star of XTE
J1118+480 yet (Gonza´lez Herna´ndez et al. 2008b).
3.5 Other α-elements
Magnesium abundance was derived from the Mg I feature
at 5528 A˚ (see Fig. 3). We note that the feature is very
sensitive to stellar parameters. As in the case of oxygen,
the S/N plays an important role and makes it difficult to
correctly place the continuum. Zhao et al. (1998)); Zhao &
Gehren (2000) evaluate the NLTE effects of this Mg line and
found always positive but small NLTE corrections of about
∆NLTE ∼ +0.05 dex that we do not take into account. Sul-
phur was measured from the SI features at 6743−57 A˚ that
are well detected at this S/N (see Fig. 6). Silicon, calcium
and titanium were measured from several lines as well. In
Figs. 4 and 5 we depict several spectral regions with some
Ca and Si features, together with FeI and FeII features.
3.6 The odd-Z elements: Al, Sc
Aluminium abundance is derived from two features whereas
scandium is measured from one single line displayed in
Fig. 3. The Sc abundance may be affected by the location
of the continuum which makes it difficult to fit at the S/N
level of the observed spectrum.
3.7 Fe-peak elements
Iron was derived from 15 features which makes quite reliable
the abundance measurement. The Ni abundance, however,
was measured from just one single although isolated and well
detected line (see Fig. 4).
4 DISCUSSION
The metallicity obtained for this object is higher than so-
lar, and similar to the metallicity obtained in another neu-
tron star X-ray binary Cen X-4 (see Gonza´lez Herna´ndez
Table 3. Element Abundance Ratios in Cyg X-2.
Element [X/Fe]CygX−2 ∆[X/Fe],CygX−2 [X/Fe]stars σmet ∆σ,stars
O -0.20 0.20 0.01 0.09 0.01
Mg 0.60 0.16 0.01 0.07 0.00
Al 0.15 0.15 0.05 0.10 0.01
Si 0.25 0.07 0.02 0.03 0.00
S 0.25 0.09 -0.18 0.09 0.01
Ca 0.00 0.16 -0.02 0.03 0.00
Ti 0.32 0.14 0.05 0.05 0.00
Sc 0.15 0.15 0.06 0.05 0.00
Ni 0.35 0.10 0.03 0.04 0.00
et al. 2005a). Although may not be statistically signifi-
cant, the metallicities of BHXBs seems to be lower, with
a weighted mean [Fe/H] of ∼ 0.09 ± 0.06 (σN = 0.06, for
N = 5 BHXBs), than that of NSXBs, with a weighted mean
[Fe/H] of ∼ 0.24 ± 0.09 (σN = 0.02, for N = 2 NSXBs).
This may indicate that indeed a relatively high amount of
Fe is always ejected during supernova explosions that form
neutron stars whereas for black holes, the initial mass of
the collapsing material, the so-called mass cut (mcut), may
be high enough to prevent large amounts of Fe to escape
from the collapsing material and/or to avoid possible and
efficient mixing processes between the fallback matter onto
the compact object and the ejected matter. In this sense,
the detection of high Fe abundances in secondary stars of
NSXBs may be an indication of an explosive event.
We search for anomalies in the abundance pattern of
the secondary star by comparing our results with Galactic
trends (see Fig. 9), adopted from Adibekyan et al. (2012).
For oxygen, we used the latest results from Bertra´n de Lis
et al. (2014). We display the [O/Fe] abundance ratio in LTE
(dotted-dashed cross) and NLTE (solid cross) (See Section
3.4 for further details). In the following sections we will be
only using or refering the derived [O/Fe] abundance ratio
in NLTE. Results for sulphur were taken from Ecuvillon et
al. (2004). As it is shown in Fig. 9, most of the elements
in Cygnus X-2 show over-abundances when compared with
Galactic trends, with the exception aluminium, aalcium and
acandium, which are consistent with those trends. In Table 3
we depict the element abundance ratios, [X/Fe], of the sec-
ondary star in comparison with the average values of F-,
G-, and K-type stars belonging to Galactic thin disk in the
relevant range of metallicities (0.16 <[Fe/H]< 0.38). The er-
rors on abundances ratios are typically smaller than absolute
errors since different elements show similar sensitivities to
changes for instance in the stellar parameters (see 12th and
13th columns of Table 2, and third column of Table 3). Ta-
ble 3 shows clear enhancements in Mg, Si, S and Ni at more
than 3σ, Ti at about 2σ. Al, Ca, and Sc are consistent at
1σ with the Galactic trends and finally O is under-abundant
but consistent at 1σ. This abundance pattern cannot be ex-
plained using models with atomic diffusion, radiative accel-
eration and turbulence as seen in Section 3.4. In the follow-
ing sections we will try to explain these abundances in the
context of the supernova explosion that happened very early
in the evolutionary scenario of the NSXB Cygnus X-2.
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Figure 9. Element abundance ratios [X/Fe] of the secondary star in the NSXB Cygnus X-2. Crosses indicate our obtained abundance
values with errors, while full dots are the abundances of galactic field stars from Adibekyan et al. (2012), except for oxygen and sulphur
whose data were taken from Bertra´n de Lis et al. (2014) and Ecuvillon et al. (2004), respectively.For oxygen we display two values of the
[O/Fe] abundance ratio, one in LTE (dotted-dashed cross) and the other one in NLTE (solid cross).
4.1 Spherical SN explosion
It has been proposed that LMXBs begin their lives as wide
binaries and evolve through a common-envelope phase in
which the companion spirals into the massive star’s envelope
(see e.g. Van den Heuvel 1983; De Kool et al. 1987; Nelemans
& van den Heuvel 2001). The helium core of the massive
star evolves and ends its live as a supernova, leaving behind
a neutron star or a black hole remnant. Part of the ejected
mass in the SN explosion may have been captured by the
secondary star, as has been found in other LMXBs such as
Nova Sco 94 (Israelian et al. 1999; Gonza´lez Herna´ndez et
al. 2008a). We also consider this scenario for Cygnus X-2.
Cygnus X-2 is quite a particular X-ray binary. The
stellar parameters obtained suggest that the secondary is
a F2IV star. The primary star is a the neutron star of
MNS,f = 1.71± 0.20M and the mass ratio of the system is
qf = 0.34± 0.02 (Casares et al. 2010), yielding a secondary
mass M2,f = 0.60 ± 0.13M. A main sequence star of this
mass would have an effective temperature of 4000 K which
is in conflict with the observed F-type spectrum (D’Antona
& Mazzitelli 1994; Siess et al. 2000).
The secondary star in Cygnus X-2 might have lost
a significant amount of its initial mass through mass-
transfer (King & Ritter 1999; Podsiadlowski & Rappaport
2000).Podsiadlowski & Rappaport (2000) propose an evo-
lutionary scenario where the secondary star has an initial
mass of M2,i = 3.5M, and suffers a large mass loss near
the end of the main sequence. Thus we adopt different sce-
narios for the SN model, as the initial mass of the secondary
is unknown. The input parameters of our models are basi-
cally M2,i = [2.0 − 3.5]M, the initial mass of the neutron
star is MNS,i ∼ 1.4M and the radius of the secondary star
is obtained using pre-main sequence (PMS) stellar evolu-
tionary tracks from Siess et al. (2000). In order to get the
secondary stellar radius at the time of the SN explosion we
assume that it happened about 7 Myr after the formation
of the system (Gonza´lez Herna´ndez et al. 2005a, and refer-
ences therein). Binary systems like Cygnus X-2 will survive a
spherical SN explosion if the ejected mass, ∆M satisfies this
condition: ∆M = MHe −MNS,i 6 (MHe +M2,i)/2. This im-
plies a mass of the He core before the SN explosion of MHe 6
[4.8−6.3]M for secondary masses M2,i = [2.0−3.5]M. Us-
ing the expressions given by Portegies Zwart et al. (1997, and
references therein), the initial mass of the progenitor star
(M1) should be M1 6 [19−23]M for M2,i = [2.0−3.5]M,
and a radius of RHe 6 [1.1− 1.5]R for the helium core.
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Assuming a pre-SN circular orbit and an instanta-
neous spherically symmetric ejection (that is, significantly
shorter than the orbital period), one can estimate the pre-
SN orbital separation, a0, using the relation given by van
den Heuvel & Habets (1984): a0 = ac,iµf , where µf =
(MNS,i + M2,i)/(MHe + M2,i). We find a0 ' 5.7 − 6.5R,
for the adopted values of M2 = [2.0− 3.5]M, MHe = 4M
and ac,i = 10R. Secondary stars with masses of 2.0M
and 3.5M would be still in their PMS stage having radii
of about ∼ 2.4R and ∼ 2.2R respectively. Some of the
matter ejected in the SN explosion is expected to be cap-
tured by the secondary star, thus polluting its atmosphere
with fresh SN nucleosynthetic products. The fraction of the
matter ejected in the direction of the secondary star that
is finally captured is controlled by the parameter fcap. The
amount of mass deposited on the secondary can be esti-
mated as mcap = ∆M(piR
2
2,i/4pia
2
0)fcap. The ejected mass,
∆M is equal to MHe −MNS,i. The matter captured, mcap,
typically of the order of ∼ 0.03 − 0.10M for M2,i = 2M
and fcap = 0.3 − 0.9, has larger molecular weight than the
pre-explosion content of the secondary star, so it is expected
to be quickly mixed with the entire secondary star (for fur-
ther details see e.g. Gonza´lez Herna´ndez et al. 2011, and
references therein).
We adopt a current orbital distance of ac,f ' 25R,
as propose by Vrtilek et al. (2003). Considering that the
secondary must have experienced mass and angular mo-
mentum losses during the binary evolution until it has
reached its present configuration, we propose that the post-
SN orbital separation after tidal circularization of the or-
bit should lie at about 10R. We note that most of the
mass lost from the secondary star, from its initial mass
of about M2,i = [2.0 − 3.5]M to reach the current esti-
mated mass M2,f ∼ 0.6M, must have been lost from the
X-ray binary system. The small difference between the ini-
tial, MNS,i ∼ 1.4M, and final mass, MNS,f ∼ 1.7M, of
the compact object do not allow high accretion efficiencies
during the evolution of the system. We consider spherically
symmetric supernova models for a ∼ 16M progenitor star
with a MHe ∼ 4.0M He core (Maeda et al. 2002; Gonza´lez
Herna´ndez et al. 2005a), and an initial pre-explosion mass
for the secondary star of M2,i = 2.0M. Different values for
the initial mass of the secondary star at e.g. about M2,i =
3.5M would provide similar results for lower ac,i and higher
fcap values.We do not have any model with masses greater
than MHe = 4.0M and smaller than MHe = 16.0M, but
we think this ∼ 16M SN explosion model satisfies our re-
quirements (see Gonza´lez Herna´ndez et al. 2005a, for further
details on these SN models).
One could then obtain different values for the expected
abundances by modifying ac,i and fcap in each case. We
assume that the secondary star had solar abundances before
pollution. The expected abundances for the secondary star
after being polluted by supernova products (assuming solar-
abundance models) are given in Table 4. Best model fits
are shown in Fig. 10, for fcap = 0.3 in the top panel and
fcap = 0.9 in the bottom panel. To qualify the comparison
between observed and modeled abundances we also provide
two quality factors, defined as follows:
Q =
N∑
i
([X/H]obs,i − [X/H]mod,i)2]/∆[X/H]2obs,i)/ν (1)
where N is the number of elements: for Q is 10 and for
Q′ we only considered those elements with enhanced abun-
dances, Mg, Si, S, Ti, Ni and Fe. ν gives the dregrees of
freedom, i.e. N −n−1, where n is the number of free model
parameters. We adopt as free parameters fcap and mcut, and
thus n = 2 .
Our model computations take into account three dif-
ferent mass cut values, mcut, which are typically very simi-
lar to initial and final mass of the neutron star. As clearly
seen in Fig. 10, dependence of the mass cut is only im-
portant for elements with Z greater than 20, in particu-
lar, Ca, Ti and, preferentially, Fe-peak elements tend to be
more abundant for lower fcap values. In order to well fit the
low oxygen abundance a relatively low capture efficiency,
fcap ∼ 30% is required, whereas more of the elements are
reasonably reproduced for higher fcap values. In particular,
a mass cut mcut ∼ 1.3M together with a high capture
efficiency (fcap 6 90%) seems to reproduce the observed el-
ement abundances except for magnesium which shows too
high abundance. The quality factors Q and Q′ show that
only those spherical models with high capture efficiency and
possibly mass cut at about 1.36 M can reproduce the ob-
served abundances but any of them can fit Mg abundance.
However, due to the uncertainties in our explosion model
we cannot exclude the spherically symmetric supernova sce-
nario.
4.2 Aspherical SN explosion
The spherically symmetric supernova explosion is not
the only plausible scenario for this X-ray binary system.
Gonza´lez Herna´ndez et al. (2005a) studied both the spher-
ical and non-spherical SN explosions to try to explain the
observed abundances in the secondary star of the NSXB
Centaurus X-4. They concluded that the spherical case pro-
duce better fits to the observed data than the aspherical
model. This is consistent with the global picture in which a
relatively low-mass primary star (M1 ∼ 20M) may leave a
neutron star and explode as a normal SN, with an energy
of ∼ 1051 ergs, as suggested in e.g. Nomoto et al. (2003).
A normal SN may be less aspherical than a hypernova, as
proposed for the origin of the black hole in the BHXB Nova
Sco 94 (see e.g. Israelian et al. 1999; Brown et al. 2000;
Podsiadlowski et al. 2002). However, Gonza´lez Herna´ndez et
al. (2008a) performed a detailed chemical analysis including
more elements as Al and Ca, which are produced in outer
and inner layers of the explosion respectively, and claimed
that the best fit is obtained for an spherically symmetric
more energetic hypernova model.
Both Cen X-4 and Nova Sco 94 have large systemic ve-
locities, γ ∼ 190 km s−1 (Casares et al. 2007) and γ ∼ −167
km s−1 (Gonza´lez Herna´ndez et al. 2008a), which may in-
dicate a signature of an additional natal kick in an asym-
metric supernova explosion. The systemic velocity of Cyg
X-2 is very large, γ ∼ −210 km s−1 (Casares et al. 2010).
This may also point to an asymmetric supernova. A sym-
metric mass ejection during the SN explosion of maximum
mass values of the He core of [4.8 − 6.3] M and a sec-
ondary star of [2.0 − 3.5] M provides a impulse (Blaauw-
Boersma kick Blaauw 1961; Boersma 1961) for the system
of vsys ∼ 145− 215 km s−1 (Nelemans et al. 1999; Brown et
al. 2001). This could explain the large γ velocity of the sys-
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Table 4. Expected abundances in the secondary atmosphere due to the pollution caused by the core-collapse SN explosion in three
plausible cases: (i) spherically symmetric explosion model (Spherical), (ii) non-spherically symmetric explosion (Aspherical) and (iii) non-
spherically symmetric explosion with complete lateral mixing (Aspherical?). In all cases is taken into account MHe = 4M, M2,i = 2M
and ac,i = 10R. Q and Q′ factors show the quality of the comparison between modeled and observed abundances for all and 6 elements
(Mg, Si, S, Ti, Ni and Fe), respectively.
[X/H]Expected
mcut(M)
Spherical Aspherical Aspherical?
Element [X/H]Obs 1.31 1.34 1.36 1.28 1.36 1.45 1.49 1.55 1.77
fcap = 0.3 fcap = 0.1
O 0.07 0.17 0.17 0.17 0.45 0.45 0.42 0.34 0.34 0.30
Mg 0.87 0.17 0.17 0.17 0.47 0.47 0.44 0.34 0.34 0.32
Al 0.42 0.20 0.20 0.20 0.52 0.52 0.50 0.38 0.38 0.36
Si 0.52 0.22 0.22 0.22 0.56 0.39 0.30 0.42 0.42 0.19
S 0.52 0.13 0.13 0.13 0.40 0.14 0.08 0.29 0.29 0.02
Ca 0.27 0.13 0.12 0.12 0.37 0.11 0.10 0.33 0.29 0.00
Sc 0.67 0.02 0.00 0.00 0.02 0.00 0.00 0.02 0.02 0.00
Ti 0.59 0.21 0.18 0.16 0.17 0.09 0.05 0.63 0.15 0.00
Fe 0.27 0.21 0.20 0.17 0.19 0.10 0.07 0.33 0.17 0.00
Ni 0.42 0.46 0.33 0.24 0.15 0.10 0.04 0.44 0.14 0.00
Q 2.71 2.86 3.03 1.68 2.55 3.10 1.44 2.07 4.23
Q′ 4.89 5.13 5.43 2.32 3.82 4.96 2.07 3.42 7.06
fcap = 0.9 fcap = 0.2
O 0.07 0.38 0.38 0.38 0.67 0.66 0.63 0.53 0.53 0.48
Mg 0.87 0.39 0.39 0.39 0.69 0.69 0.66 0.53 0.53 0.50
Al 0.42 0.44 0.44 0.44 0.75 0.75 0.72 0.58 0.58 0.56
Si 0.52 0.47 0.47 0.47 0.80 0.59 0.47 0.63 0.63 0.33
S 0.52 0.32 0.32 0.32 0.60 0.25 0.15 0.46 0.46 0.04
Ca 0.27 0.30 0.30 0.30 0.57 0.20 0.18 0.51 0.46 0.00
Sc 0.42 0.07 0.01 0.01 0.04 0.00 0.00 0.04 0.04 0.00
Ti 0.59 0.46 0.40 0.37 0.30 0.16 0.09 0.88 0.25 0.00
Fe 0.27 0.46 0.43 0.39 0.33 0.19 0.13 0.52 0.30 0.00
Ni 0.42 0.82 0.65 0.51 0.26 0.18 0.07 0.65 0.24 0.00
Q 1.79 1.63 1.48 1.84 1.99 2.52 2.02 1.43 3.70
Q′ 2.39 2.02 1.88 1.40 1.87 3.04 1.72 1.54 5.49
tem only in the extreme case, although maybe possible, of
MHe ∼ 6.3 M and M2,i ∼ 3.5 M. However, for the case we
are considering here, i.e. MHe ∼ 4.0 M and M2,i ∼ 2.0 M,
gives vsys ∼ 115 km s−1, which may require additional natal
kick from an asymmetric supernova.
We thus have also taken into account aspherical super-
nova explosions to study the case of Cygnus X-2. Aspherical
explosions produce chemical inhomogeneities in the ejecta
that could fit our observed values in a way spherically sym-
metric explosion models do not. An aspherical explosion pro-
duces nucleosynthetic inhomogeneities dependent on direc-
tion: thus, if the jet in the aspherical explosion is collimated
perpendicular to the orbital plane, where the secondary star
is located, elements such as Ti, Ni and Fe are ejected in the
jet direction, while elements like O, Mg, Al, Si and S are
ejected in the equatorial plane of the helium star (Maeda et
al. 2002) and thus expected to be enhanced in the secondary
star.
Following the procedure in the spherical case, we have
considered two different asphericals models (depending of
the direction of the jet) for a ∼ 16M progenitor with
MHe = 4.0M He core (Maeda et al. 2002) and M2,i =
2.0M. The expected abundances in the secondary star af-
ter being polluted by supernova products (assuming solar-
abundance models) are also given in Table 4. For the first
model, where most of the matter is ejected in the equatorial
plane, best fits are shown in Fig. 11, for fcap = 0.1 (top
panel) and fcap = 0.2 (bottom panel). Three different mass
cut values are also taken into account. In these cases, de-
pendence on the mass cut is important for elements with
Z greater than 14, this is for elements heavier than Al. The
three different mass cut values in the range 1.5-1.8 M seem
to provide a good agreement with the observed abundances
of the secondary star in Cyg X-2, and only requires that
about 20% ((fcap 6 20%) of the ejected matter in the equa-
torial plane, i.e. the direction pointing to the secondary star,
is captured. Contrary to the case of the spherical case, the
Mg abundance can be approximately reproduced by the as-
pherical explosion, although Al and Sc are marginally repro-
duced in that case.
In Fig.12 we display the expected abundances in the
secondary star using the assumption of complete lateral mix-
ing (see Maeda et al. 2002; Podsiadlowski et al. 2002, for fur-
ther details), where the ejected matter is completely mixed
with each velocity bin (see also Gonza´lez Herna´ndez et al.
2008a). Podsiadlowski et al. (2002) pointed out that the as-
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Figure 10. Expected abundances in the secondary atmosphere
due to the pollution caused by a spherically symmetric core-
collapsed SN explosion model, taking into accountMHe = 4.0M,
M2,i = 2.0M and a fixed value of fcap = 0.3 (top panel) and
fcap = 0.9 (bottom panel). In both cases an orbital distance of
ac,i = 10R and a kinetic energy of EK = 1× 1051erg have been
adopted.
sumption of complete lateral mixing is extreme; at present
we cannot identify any physical process that would lead to
such a result. We can see that observed abundances are also
well reproduced if we assume complete lateral mixing, but
only at mass cut values below 1.55 M. These aspherical
models also require low capture efficiencies.
The expected results for the solar abundance aspherical
models (see Table 4), agree with our observed values, within
errors bars, in most cases. However, some elements, such
as Si, S, Ca, Fe and Ni, are strongly sensitive to the mass
cut, and therefore, a slight change of this parameter can
affect the expected values. The quality factors Q and Q′
indicate that the best model that matches reasonably well
the observed abundances is the aspherical model with a mass
cut of about 1.3 M and a capture efficiency of ∼ 20 %,
although this model is unable to reproduce the observed
oxygen abundance. In the case of complete lateral mixing,
O and Mg abundances do not seem to have the same degree
of agreement as other elements.
The unusual nature of the secondary star, as studied by
King & Ritter (1999); Podsiadlowski & Rappaport (2000),
already makes it difficult to assess the evolutionary status
of the system. This comparison using both spherically and
Figure 11. Expected abundances in the secondary atmosphere
due to the pollution caused by a non-spherically symmetric
core-collapsed SN explosion model, with a capture efficiency of
fcap = 0.1 (top panel) and fcap = 0.2 (bottom panel). A kinetic
energy EK = 1×1051ergs and an orbital distance of ac,i = 10R
have been adopted. In this case, most of the matter is ejected in
the equatorial plane of the primary, where the secondary star is
expected to be located. Three mass cuts are depicted.
aspherically symmetric SN models allow us to evaluate dif-
ferent scenarios but we cannot rule out any model. Taking
into account the limitations in both the quality of the data
and SN models available, and our simple model of contam-
ination of the secondary star, we suggest an aspherical SN
explosion of a 4M He core as the origin of the neutron star
in Cygnus X-2. This result seems to be the opposite as pro-
posed in (Gonza´lez Herna´ndez et al. 2005a), where a spher-
ically symmetric SN explosion provided better agreement
with the observed abundances. More massive progenitors
of compact objects are expected to produce more energetic
hypernovae (Nomoto et al. 2003, 2010) which may be more
asymmetric than normal supernovae (Maeda et al. 2006).
However, less massive progenitors may show, according to
these authors, different levels of kinetic energies. Our aspher-
ical SN model has a given degree of asymmetry given by the
SN model parameters provided in Gonza´lez Herna´ndez et al.
(2005a) that we cannot tune and seem to be the preferred
model to explain the observed abundances. This may indi-
cate that whereas hypernovae may tend to be more asym-
metric, “normal” supernovae could explode at different sym-
metries.
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Figure 12. Same as Fig. 11, but assuming complete lateral mix-
ing.
The detection of high abundance of Fe in NSXBs may be
a signature of the explosion that give rise to the formation of
the NSs and the ejection of a significant amount of Fe, that
was captured by secondary stars in these systems. However,
this is somehow in contradiction with derived kinetic ener-
gies and the ejected 56Ni mass fractions from observations of
recently detected supernovae (see e.g. Nomoto et al. 2010),
where hypernova explosions that give rise to the formation
of BHs from more massive progenitors are expected to eject
larger amounts of 56Ni than less massive progenitors that
produce NSs at lower kinetic energies and smaller amounts
of 56Ni.
5 CONCLUSIONS
We have presented the high-quality spectra of the secondary
star in Cygnus X-2 and performed a detail chemical analysis
of the atmosphere of the secondary star. We have used a
technique that allows determination of stellar parameters
and metallicity, taking into account a possible veiling from
the accretion disk. We find Teff = 6900 ± 200 K, log g =
2.80±0.20, [Fe/H]= 0.27±0.19, and a disk veiling (defined as
Fdisk/Ftotal) of about 55% at 5500 A˚ and decreasing towards
longer wavelengths.
The global metallicity of the secondary star is superso-
lar which may be a signature of the explosion that formed
the neutron star in this system. α-elements like Mg, Si, S,
Ti are strongly enhanced and Fe-peak elements like Ni are
significantly over-abundant. Surprisingly the O abundance
might be depleted in this star (uncertainties in the NLTE
correction only allow us to consider an upper limit to the
abundance). This low abundance may suggests diffusion ef-
fects, although recent models including atomic diffusion, ra-
diative accelerations and turbulence are unable to explain
the observed abundances, in particular, the relative enhance-
ments of Mg, Si and S.
We have explored the possibility that the neutron star
in Cygnus X-2 formed in a SN explosion and that the sec-
ondary star could have captured some of the ejected matter
in the supernova. We have compared the observed abun-
dances with those expected in the possible scenario of pol-
lution from SN nucleosynthetic products. We consider both
spherically symmetric and non-spherically symmetric SN ex-
plosion models with several tunning parameters such as the
mass cut and the fraction of matter captured from the ejecta.
Most of the abundance anomalies can be explained assuming
a low mass cut in our SN models, at about ∼ 1.4− 1.6M,
which allow elements such as Ni, Ti, S and Si to escape from
the collapse and formation of the neutron star and therefore,
to be able to pollute the secondary star.
The high systemic velocity of Cygnus X-2 (γ ∼
−210 km s−1) may suggest an asymmetric mass ejection
during the supernova explosion. Aspherical supernova mod-
els seem to better reproduce the observed abundances than
spherically symmetric models. New high-resolution, high-
signal-to-noise spectra of this NSXB at different wavelength
ranges are encouraged to improve this abundance analy-
sis and to measure more elements in the secondary star of
Cygnus X-2.
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